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ABSTRACT
Environment is one of the key external drivers of the galaxies, while active galactic
nucleus (AGN) is one of the key internal drivers. Both of them play fundamental roles
in regulating the formation and evolution of galaxies. We explore the interrelationship
between environment and AGN in SDSS. At a given stellar mass, the specific star
formation rate distribution of the AGN host galaxies remains unchanged with over-
density, with the peak of the distribution around the Green Valley. We show that, at a
given stellar mass, the AGN fraction that has been commonly used in previous studies
(defined as the number of AGNs relative to all galaxies including passive and star
forming ones) does decrease with increasing over-density for satellites. This is largely
due to the fact that the fraction of passive galaxies strongly depends on environment. In
order to investigate the intrinsic correlation between AGN and environment, especially
under the assumption that AGN feedback is responsible for star formation quenching,
the AGN fraction should be defined as the number of AGNs relative to the star-forming
galaxies only. With the new definition, we find little dependence of AGN fraction on
over-density, central/satellite, and group halo mass. There is only marginal evidence
that AGN may prefer denser regions, which is possibly due to more frequent interaction
of galaxies or higher merger rate in groups. Our results support the scenario that
internal secular evolution is the predominant mechanism of triggering AGN activity,
while external environment related processes only play a minor role.
Key words: galaxies: active — galaxies: evolution — galaxies: nuclei — galaxies:
general
1 INTRODUCTION
It is well established that observationally many galaxy prop-
erties, including star formation rate (SFR) and morphology,
are strongly correlated with stellar mass and environment
of the galaxies in both local Universe (e.g. Kauffmann et al.
2003a, 2004; Baldry et al. 2006; Peng et al. 2010, 2012; Woo
et al. 2013; Schawinski et al. 2014), and to higher redshifts
(Darvish et al. 2016; Kawinwanichakij et al. 2017). In the
past decade, mass and environment have been considered
as the most powerful drivers in quenching galaxies, namely,
transforming star-forming galaxies into passive state (e.g.
? E-mail: yjpeng@pku.edu.cn
Kauffmann et al. 2003b, 2004; Baldry et al. 2006; Peng et
al. 2010).
AGN, powered by the growth of the supermassive black
holes at the center of massive galaxies, is widely believed to
play a fundamental role in regulating the star formation of
its host galaxy and co-evolve with it (e.g. Somerville et al.
2008; Kormendy & Ho 2013; Heckman & Best 2014; Choi et
al. 2015; Harrison 2017). In fact, most galaxy formation and
evolution models, including Semi-Analytic Models (SAMs)
and hydro-dynamical simulations, usually require the feed-
back from AGN to produce many key observed features of
the galaxy population, such as the stellar mass function (e.g.
Harrison 2017 for a review). Although essentially all mas-
sive galaxies host a central supermassive black hole, not all
galaxies become visible as AGN at a given epoch. Therefore,
c© 2019 The Authors
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understanding the triggering mechanism of the AGN is one
of the key issues in galaxy formation and evolution.
AGN could be triggered by internal and/or external
processes. It is well known that more massive galaxies are
more likely to host AGN than low mass ones (Dunlop et al.
2003; Floyd et al. 2004; Brusa et al. 2009; Pimbblet et al.
2013). Whether there is any dependence of AGN on the en-
vironment of its host galaxy is still under debate. A lot of
literature suggests significant dependence of AGN on envi-
ronment (e.g. Kauffmann et al. 2004; Gilmour et al. 2007;
Best et al. 2007; Silverman et al. 2009; von der Linden et
al. 2010; Bradshaw et al. 2011; Hwang et al. 2012; Sabater
et al. 2013; Martini et al. 2013; Khabiboulline et al. 2014;
Ehlert et al. 2014; Silverman et al. 2015; Coldwell et al. 2017;
Lopes et al. 2017; Gordon et al. 2018; Powell et al. 2018;
Magliocchetti et al. 2018; Koulouridis et al. 2018; Argudo-
Ferna´ndez et al. 2018; Li et al. 2019; Kolwa et al. 2019). For
instance, Kauffmann et al. (2004) find that AGN host galax-
ies with strong [O III] emission are twice as frequent in low
density regions than in high density regions. Gilmour et al.
(2007) showed that X-ray selected AGNs at z∼ 0 lie predom-
inantly in areas of moderate dense regions. Silverman et al.
(2009) investigate X-ray selected AGN fraction as a function
of galaxy overdensity using zCOSMOS spectroscopic survey
data up to z ∼ 1. They find that massive galaxies harbor-
ing AGNs preferentially reside in lower-density regions, as
is the case with studies of narrow-line AGN in SDSS. This
is interpreted as that AGN activity requires a sufficient gas
supply, which is likely to be adequate in underdense regions.
Bradshaw et al. (2011) investigate both X-ray and radio-loud
AGNs within the UKIDSS Ultra-deep Survey in the redshift
range from z ∼ 1.0 to 1.5 and find that both AGN types live
in overdense environments. Ehlert et al. (2014) found the
fraction of X-ray bright AGNs increases with clustercentric
distance. Lopes et al. (2017) found that AGN favors in en-
vironments typical of the field, low mass groups or cluster
outskirts, as the result of galaxy interactions. In SDSS DR7,
low S/N LINERs are also found more likely to populate
low density environments (Coldwell et al. 2017). More re-
cently, Koulouridis et al. (2018) found X-ray selected AGNs
in high mass clusters show opposite dependence on environ-
ment than in low mass clusters.
Despite that many evidence support the significant en-
vironmental dependence of AGN, some studies claim the
opposite. Miller et al. (2003) found that, in 4921 SDSS lo-
cal galaxies, fraction of optical-selected AGN remains un-
changed from the cores of galaxy clusters to the rarefied
field population. Similarly, no significant difference in AGN
fraction was observed between cluster and field galaxies (X-
ray selected, Martini et al. 2007), or at different positions
within the galaxy clusters (optical-selected, Pimbblet et al.
2013). Nata`lia et al. (2018) found the clustering of AGN is
equivalent to that of galaxy, implying AGN has no prefer-
ence for environment. Wang & Li (2018) found the clustering
of narrow-line AGN with blue color or massive red galaxies
is almost identical with controlled galaxies. In a most re-
cent work, Amiri & Tavasoli (2019) concluded that nuclear
activity is weakly affected by local galaxy density using a
sample including AGN and star-forming galaxies.
Above apparently contradictory results on the environ-
mental dependence of AGN could be attributed to different
AGN selection criterion, the use of different environment
tracers (see Muldrew et al. 2012 for a detailed comparison),
or even any potential observational bias. We argue a more
important factor in exploring the interrelationship between
environment and AGN is that the passive dead galaxies
should not be included in the analysis, for two reasons. First,
many passive dead galaxies were quenched at high redshift
(e.g. z > 1), especially massive ones. These galaxies could be
quenched by AGN and/or stellar feedback (or by any other
physical mechanisms) at high redshift. They are not helpful
for us to understand the interrelationship between AGN and
environment at current epoch (i.e. at z ∼ 0). Second, many
passive galaxies were quenched due to environmental effect
such as strangulation (e.g. Larson et al. 1980; Feldmann et
al. 2010; Peng et al. 2015). These galaxies were not quenched
by AGN feedback and hence are not useful to explore the
environmental dependence of AGN. Therefore, AGN frac-
tion should be defined only with AGNs and star-forming
galaxies to better reveal the intrinsic correlation between
AGN and environment. Through this, we can eliminate the
known strong correlation between passive fraction and envi-
ronment (e.g. Dressler 1980; Kauffmann et al. 2004; Baldry
et al. 2006; Peng et al. 2010, 2012).
In this paper, we mainly focus on a local galaxy sample
(0.02 ≤ z ≤ 0.085) in SDSS Data Release 7 (DR7, Abazajian
et al. 2009) to study the environment-dependence of AGN
activity. Details of our sample selection is given in section 2.
The main results are in section 3, where we investigate the
interrelationship between environment and AGN activity by
introducing a modified definition of AGN fraction. We fur-
ther discuss our results in section 4 and summary the main
conclusions in section 5. We use a concordance ΛCDM cos-
mology model with H0 = 70 km s
−1 Mpc−1 , ΩΛ = 0.75,
and Ωm= 0.25 in this work. All magnitudes are quoted in
the AB normalization.
2 DATA SET
2.1 The SDSS sample
Our sample for analysis is based on the parent sample of
Peng et al. (2010) drawn from SDSS DR7 (Abazajian et al.
2009) catalog. The sample includes 238,474 objects with re-
liable spectroscopic redshift measurements in 0.02 ≤ z ≤
0.085 (see Peng et al. 2010 for details). Further, we retained
galaxies only with well defined and reliable measurements of
physical properties (e.g. stellar mass, SFR, metallicity), re-
sulting in a sample containing 214,091 objects. These finally
comprise the SDSS sample in this paper.
Due to the SDSS spectroscopic selection r < 17.77,
the sample is incomplete below a stellar mass limit (e.g.
1010.4 M at z = 0.085). We therefore weight each galaxy
below this limit by a factor of 1/Vmax to correct the vol-
ume incompleteness within a given redshift bin (Vmax = 1
for galaxies above this limit). The Vmax values are derived
from the k-correction program v4 1 1 (Blanton & Roweis
2007). The use of Vmax weighting allows us to include rep-
resentatives of the galaxy population down to a stellar mass
of about 109M. Besides, on average about 10% of all SDSS
targets are missed from the spectroscopy sample due to the
minimum fiber spacing of 55 arcsec. To correct this, for each
object, a spatial target sampling rate (TSR) is determined
MNRAS 000, 1–?? (2019)
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Table 1. Classifications of galaxies from the MPA-JHU DR7 re-
lease (Brinchman et al. 2004). In this work, star-forming galaxies
refer to the first subsample which is about 40% of the full sample.
Subsample Number Percentage
Star-forming 85528 39.95%
Low S/N Star-forming 39853 18.61%
Composite 16428 7.67%
AGN 8005 3.74%
Low S/N LINER 19277 9.00%
Unclassifiable 44701 20.88 %
by using the fraction of objects that have spectra in the
parent photometric sample within the minimum SDSS fiber
spacing of 55 arcsec. In constructing the final population of
SDSS galaxies used in our analysis, each galaxy is weighted
by 1/Vmax×1/TSR to correct both the volume incomplete-
ness and local sampling rate.
Rest-frame absolute magnitudes are derived from the
five SDSS ugriz bands using the k-correction program (Blan-
ton & Roweis 2007) and further corrected onto the AB
magnitude system. The stellar masses are determined from
the same k-correction code with Bruzual & Charlot (2003)
population synthesis models and a Chabrier IMF, which is
consistent with that of Kauffmann et al. (2003a) and Gal-
lazzi et al. (2005) within ∼ 0.1 dex.
2.2 Overdensity
We take overdensity δ, the dimensionless density contrast, as
an estimator of environment of individual SDSS galaxy: δi =
(ρi − ρm)/ρm. ρi is the number density of galaxies within
the projected radius to the 5th nearest neighbor (hereafter
5NN); ρm is the (volume) mean density at a given redshift.
Local density field of 5NN is calculated over a cylindrical
volume with length of ±1000 km s−1 to exclude the galaxy
proper motion effect. We use a volume-limited population of
density tracers. In practice, the spectroscopic sample with
MB,AB ≤ −19.3 − z are selected as density tracers. To
avoid edge effects in local density measurement, we consider
objects with f > 0.9, where f is the fraction of the aperture
adopted within the SDSS region (Kovacˇ et al. 2010).
2.3 Group Catalog and Halo Mass
Our galaxy group catalog is an updated version of Yang et
al. (2007) catalog. It contains galaxies in the Main Galaxy
Sample of NYU Value-Added Galaxy Catalog (NYU-VAGC,
Blanton et al. 2005; Adelman-McCarthy et al. 2008; Pad-
manabhan et al. 2008) within 0.01 ≤ z ≤ 0.20. By imple-
menting their group finder, Yang et al. (2007) divide galax-
ies into groups in which each galaxy is marked as central or
satellite. The dark matter halo mass Mh of each group is es-
timated based on the intergrated stellar mass or luminosity
of all group members above a certain luminosity limit. In
principle, the group with highest total stellar mass (or lumi-
nosity) is assigned the highest halo mass following a given
halo mass function (HMF). In this work, we will use the
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Figure 1. Spatial distribution of SDSS galaxies in 0.05 < z <
0.06. AGN host galaxies (red points) are plotted overlapping on
all galaxies (grey points). One can see the prominent features of
large-scale structures: filaments, nodes, voids and clusters. AGN
distribution basically follows the large-scale structure of all galax-
ies by a rough visual inspection.
halo mass derived from total stellar mass because it is less
affected by ongoing star formation.
2.4 SFR Estimates and Classifications
The SFR and types of galaxies are directly retrieved from
the MPA-JHU DR7 release 1, where galaxies are further clas-
sified into star-forming, composites and AGNs (Brinchman
et al. 2004) based on the BPT diagram (Baldwin, Phillips &
Terlevich 1981). The star-forming population here refer to
those with S/N > 3 in all four BPT lines, excluding the low
S/N star-forming galaxies with only S/N > 2 in Hα. Com-
posites are defined as galaxies somewhat in between AGN
and star-forming on the BPT diagram. Low signal-to-noise
ratio (S/N) LINERs refer to galaxies with [N II]/Hα > 0.6
and S/N >0.3 in both lines, but too low S/N for [O III] and
Hβ . Unclassifiable galaxies have no or very weak emission
lines hence unable to be classified by BPT. The number and
percentage of each category is listed in Table 1.
The SFR of star-forming galaxies are derived based on
their Hα emission line luminosities, corrected for extinc-
tion using the Hα/Hβ ratio; the SFR of composites, low
S/N LINERs and AGN host galaxies are estimated based
on a likelihood distribution for specific star formation rate
(sSFR = SFR/M∗) as a function of D4000 constructed us-
ing the star-forming sample (Brinchman et al. 2004). Aper-
ture effects are further corrected for all galaxies. The SFR
is converted from Kroupa to Chabrier IMF using log SFR
(Chabrier) = log SFR (Kroupa) − 0.04.
MNRAS 000, 1–?? (2019)
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Figure 2. The overdensity distributions for AGNs, composites, low S/N LINERs and non-AGN galaxies at different stellar masses.
In general, there are no significant variance in their overdensity distributions. There may only be a slight difference that AGNs and
composites have smaller high-density tails than low S/N LINERs and non-AGN galaxies.
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Figure 3. The sSFR distributions for AGNs (in bold), composites, low S/N LINERs and non-AGN galaxies (in bold) at two fixed stellar
mass 1010 M (first column) and 1010.5 M (second column). The galaxies are divided into overdensity quarters (Q1 for row 1, etc.) with
equal amount in each quarter. The red dashed line in each panel represents the mean value of sSFR of AGN host galaxies. As overdensity
increases, the star-forming peak of non-AGN host galaxies drops while the passive peak rises. AGNs and composites change little with
overdensity, and are located in between the star-forming and passive populations.
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3 RESULTS
3.1 Environment
The most direct way to study the local environment of galax-
ies is to see how they are distributed in space. Here, we
simply cut a redshift slice at 0.05 ≤ z ≤ 0.06 (for no par-
ticular reason) to provide a 2D view of the spatial distri-
bution of AGNs and galaxies. In Figure 1, all galaxies are
plotted in grey dots, while AGN host galaxies are plotted
in red dots. One can see the prominent features of large-
scale structures: filaments, nodes, voids and several large
clusters. AGNs seem to distribute following all galaxies. Al-
though a large number of AGNs are relatively concentrated
in galaxy clusters, there are still some AGNs in filaments or
even in field. AGN distribution basically follows the large-
scale structure of all galaxies and it is hard to find significant
environmental dependence of AGN by a rough visual inspec-
tion. This motivates us to investigate the interrelationship
between AGN and environment in more details.
There are various approaches to define local environ-
ment e.g. by distance to cluster center, group identity (cen-
tral or satellite), location (cluster/filament/field), overden-
sity, dark matter halo mass and so forth. Overdensity δ, for
example, has been used as an efficient indicator of local en-
vironment which can be easily defined in observation (e.g.
Bolzonella et al. 2010; Moresco et al. 2010; Peng et al. 2012;
Jian et al. 2012; Kovacˇ et al. 2014; Darvish et al. 2016). As
argued in Muldrew et al. (2012), the local environment which
corresponds to scales internal to a halo is best probed using
the nearest-neighbour methods. We hence use the overden-
sity defined by the 5NN as discussed in section 2.2.
In Figure 2, we present the normalized probability dis-
tribution function (PDF) of overdensity for different types
of galaxies. As we know, AGNs are tightly related to the
stellar mass of their host galaxies: more massive galaxies are
more likely to host AGNs (Dunlop et al. 2003; Floyd et al.
2004). We therefore bin galaxies in stellar mass to exclude
the mass-related effect. In general, AGNs, composites, low
S/N LINERs and non-AGN galaxies basically share the same
overdensity distribution. The only difference may be that in
9.8 < log(M∗/M) < 10.2, AGNs and composites tend to
have smaller high-density tails than low S/N LINERs and
non-AGN galaxies. This could be due to an excess of passive
galaxies in low S/N LINERs and non-AGN host galaxies as
a result of environmental quenching.
AGN is believed to play an important role in regulat-
ing the star formation of its host galaxy, it would be hence
helpful to examine the sSFR distribution of AGN hosts at
different environments. In Figure 3, we compare the normal-
ized PDF of sSFR among AGN hosts, composites and non-
AGN galaxies by quartering them in terms of overdensity
δ at two fixed stellar mass 1010 M and 1010.5 M, respec-
tively. The distributions of AGNs and non-AGN galaxies are
highlighted in bold. It is clear that the distribution of non-
AGN host galaxies varies with overdensity: as overdensity in-
creases, the star-forming peak drops while the passive peak
rises, which is a result of the more violent environmental
quenching in higher density regions. AGN hosts and com-
posites are found mostly located in the “green valley”, the
1 https://wwwmpa.mpa-garching.mpg.de/SDSS/DR7/
transition area between the star-forming and passive pop-
ulations. This indicates AGN activities may be associated
with the quenching process of their host galaxies, which has
been demonstrated in a number of studies (e.g. Salim et al.
2007; Mullaney et al. 2012; Hardcastle et al. 2013; Gu¨rkan et
al. 2015; Leslie et al. 2016). Moreover, one would expect the
sSFR distribution of AGN hosts changes with density, if a
strong environment dependence of AGN activity is assumed.
However, it is shown that the distribution of AGN hosts and
composites change little with environment, providing no evi-
dence for a tight correlation between AGN and environment.
Yet there is a caveat here that the SFR of AGN hosts and
non-AGN host galaxies are derived in different ways, which
might lead to some systematic difference.
3.2 AGN Fraction
A practical way to investigate the environmental dependence
of AGN activity is to directly measure how frequently AGN
activity is triggered in galaxies with different environments.
Usually, the occurrence of AGN is quantified by AGN frac-
tion defined as the number of AGNs relative to all galaxies
including passive and star forming ones (e.g. Silverman et
al. 2009; Hwang et al. 2012; Martini et al. 2013):
fAGN =
NAGN
NAll
(1)
where NAGN is the number of AGN host galaxies, NAll is the
number of all galaxies
By using this definition, we examined the AGN fraction
as a function of stellar mass for central and satellite galax-
ies, respectively. As shown in the top-left panel of Figure
4, AGN fraction increases with stellar mass with a signifi-
cant dichotomy between central and satellite: central galax-
ies are more likely to host AGN than satellite galaxies at
a fixed stellar mass, especially for massive galaxies with
log (M∗/M) > 11.0.
To better investigate the intrinsic correlation between
AGN and environment, we propose a modified version of
AGN fraction defined as the number of AGNs relatively to
the star-forming galaxies only (which we will discuss in detail
in section 4):
fAGN =
NAGN
NAGN + NSF
(2)
where NAGN is the number of AGN host galaxies, NSF is the
number of star-forming galaxies
The top-right panel of Figure 4 shows the AGN fraction
as a function of stellar mass by using our new definition. The
difference between centrals and satellites is largely reduced,
and even disappears at low mass (log (M∗/M) < 10.1) and
high mass (log (M∗/M) > 11.0) ends. In particular, if we
narrow the redshift range down to 0.02 < z < 0.05 where
the stellar mass are more complete, we will find basically
little difference between centrals and satellites (see the bot-
tom panels of Figure 4), while the dichotomy remains still
distinct by using the previous AGN fraction defined by all
galaxies. We can hence say that by using the new AGN frac-
tion, AGN activity manifests no significant dependence on
the local environment of its host galaxy in terms of cen-
tral/satellite dichotomy.
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Figure 4. AGN fraction as a function of stellar mass for central and satellite galaxies in 0.02 < z < 0.085 (top panels) and 0.02 < z < 0.05
(bottom panels). The fraction is defined by all galaxies (left), or by star-forming galaxies+AGN (right). Error bars are 1σ of binomial
distributions. In general, the AGN fraction increases with the stellar mass of the host galaxies. By using the AGN fraction defined by
all galaxies, we find central galaxies on average have a higher AGN fraction than satellite galaxies. By using the AGN fraction defined
by SF+AGN, we find the difference between centrals and satellites is largely reduced, or even disappears in the lower redshift range
(0.02 < z < 0.05) where the stellar mass are more complete.
The group identity alone could only provide limited ev-
idence for our scenario, it is necessary to examine the en-
vironmental dependence by using more indicators such as
overdensity. To do this, we first start from satellite galax-
ies which are known to be susceptible to local environment.
In the top-left panel of Figure 5, we could see clearly that
the AGN fraction defined by all galaxies decreases with in-
creasing overdensity at log(1 + δ) > 0.8, which even goes
down to a half in satellites above 1010.5M. This result, to-
gether with the dichotomy in Figure 4, may suggest that
AGNs prefer underdense regions, especially for those with
massive host galaxies. In fact, similar argument has been
addressed by many work (e.g. Kauffmann et al. 2004; Silver-
man et al. 2009; Sabater et al. 2013; Coldwell et al. 2017).
However, by using our new AGN fraction defined as the
number of AGNs relative to the star-forming galaxies only,
we find there is no significant dependence of AGN fraction
on overdensity. There might only be a hint that AGN frac-
tion slightly increases with overdensity at some given stellar
mass (the top-right panel of Figure 5). This demonstrates
that AGN activity does not strongly depend on the environ-
ment of its host galaxy, which is apparently at odds with
most of the results in literature.
Bottom panels of Figure 5 show the AGN fraction of
central galaxies as a function of overdensity. Unlike satel-
lites, the AGN fraction of centrals show little dependence
on environment by using either definition. We will interpret
the discrepancy between centrals and satellites in section 4.
Therefore, the basic conclusion is that AGNs in general (no
matter in central or satellite galaxies) have no significant
preference on environment.
Furthermore, we investigate the dependence of AGN
fraction on group halo mass. In Figure 6, there is no signifi-
cant dependence of AGN fraction on halo mass with only a
slight preference in more massive halos. This again supports
our scenario that AGN activity does not strongly depend on
environment. Here we only consider satellites rather than
centrals mainly for two particular reasons. First, satellites
are presumably more susceptible to environmental effects
(e.g. van den Bosch et al. 2008; Peng et al. 2012; Wetzel et
al. 2012; Kovacˇ et al. 2014; Lin et al. 2014a; Knobel et al.
2015; Darvish et al. 2016; Henriques et al. 2017; Strazzullo et
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Figure 5. AGN fraction as a function of overdensity for satellite galaxies (top panels) and central galaxies (bottom panels). The
fraction is defined by all galaxies (left) and by star-forming galaxies+AGN (right). Error bars in different color represent different bins
in log(M∗/M). For satellite galaxies, we find the AGN fraction defined by all galaxies decrease significantly with overdensity, while the
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not change significantly with overdensity under both definitions.
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Figure 7. Cartoons as illustrations of the distributions of satellites (top panels) and centrals (bottom panel) in SFR−M∗ diagram.
For satellite galaxies, there is a higher passive fraction in higher density regions (right) than lower density regions (left). The strong
correlation between passive fraction and environment could lead to significant bias in the AGN fraction defined by all galaxies. For central
galaxies, the passive fractions are similar in low or high density regions, in which case the definitions of AGN fraction will lead to the
same results.
al. 2019). Second, the stellar mass of centrals are tightly cor-
related with its parent halo mass (Peng et al. 2012), which
may lead to some entanglement between mass and environ-
ment.
4 DISCUSSIONS
In the investigation of environmental dependence of AGN
activity, the different definitions of AGN fraction can lead
to inconsistent conclusions. It is hence important to evalu-
ate which definition can better represent the occurrence of
AGN activities. The major difference between the two defi-
nitions (see equation 1 and 2) is whether the passive popula-
tion is incorporated in the denominator: if we only use AGN
and star-forming galaxies as the denominator instead of all
galaxies, the significant dependence of AGN fraction on en-
vironment will disappear. We believe our new definition of
AGN fraction defined as the number of AGNs relative to
the number of star-forming galaxies can better reflect the
intrinsic correlation between AGN and environment, which
is supported by the following two reasons.
The first reason is that a vast number of passive galax-
ies were quenched at high redshift (e.g. z > 1), especially
massive galaxies. They could have been quenched by AGN
and/or stellar feedback (or by any other physical mecha-
nisms) in the high redshift Universe. For instance, some of
the massive red galaxies are elliptical galaxies that have been
already “red nuggets” before z ∼ 2 (Huang et al. 2013a,b).
These galaxies cannot help us understand the interrelation-
ship between AGN and environment at z ∼ 0. We should
hence exclude these fossil passive galaxies when describing
the prevalence of AGNs in the local Universe.
The second reason is the strong correlation between pas-
sive fraction and environment i.e. both the fraction of the
passive galaxies and different morphological types of galaxies
have been found strongly correlated with the local environ-
ment (e.g. Dressler 1980; Kauffmann et al. 2004; Baldry et
al. 2006; Peng et al. 2010, 2012). The correlation can be illus-
trated by the cartoons in Figure 7: some fraction (depend-
ing on density) of passive satellite galaxies were quenched
by external environmental effects including tidal stripping
(e.g. Read et al. 2006), ram-pressure stripping (e.g. Gunn &
Gott 1972; Abadi et al. 1999; Quilis et al. 2000), harassment
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(e.g. Farouki et al. 1981; Moore et al. 1998) and strangula-
tion (e.g. Larson et al. 1980; Feldmann et al. 2010; Peng et
al. 2015), instead of internal effects which AGN feedback is
assumed to be responsible for. For satellite galaxies, there is
a higher passive fraction in higher density regions than lower
density regions. The strong correlation between passive frac-
tion and environment could lead to significant bias in the
AGN fraction defined relative to all galaxies i.e. more pas-
sive galaxies in dense environment will dilute the frequency
of AGN activity.
For central galaxies, however, the AGN fraction show
little dependence on environment at fixed stellar mass by
using both definitions (Figure 5). According to Peng et
al. (2012), centrals cannot be environmentally quenched,
in other words, centrals can only be quenched by internal
mass-related processes. Therefore, it is reasonable to expect
that the passive fraction of centrals does not change with
overdensity, in which case the choice of definitions make no
difference (see Figure 7 for an illustration).
Our AGN fraction defined as the number of AGNs rel-
ative to the star-forming galaxies can eliminate the strong
correlation between passive fraction and environment, thus
manifesting the intrinsic correlation between environment
and the occurrence of AGN activity. This is a rather novel
definition of AGN fraction compared with the previous AGN
fraction defined as the number of AGNs relative to all galax-
ies including passive and star forming ones. Coincidentally,
we notice that in a most recent work, Amiri & Tavasoli
(2019) constructed two separate samples, AGN and star-
forming galaxies (SFG), and found the AGN fraction (with
respect to SFG) weakly depends on the distance from the
brightest cluster member. This is consistent with our results
and also supports our definition of AGN fraction.
5 CONCLUSIONS
In summary, we use the SDSS DR 7 sample from Peng et al.
(2010), which contains 214,091 galaxies with reliable mea-
surements of galaxy properties including stellar mass, SFR,
over-density, in the redshift range of 0.02 < z < 0.085.
Group properties including central satellite classification
and halo masses are taken from Yang et al. (2007) group cat-
alog. Through the emission-line selection on BPT diagram,
galaxies are classified as star-forming, AGN, composite, low
S/N LINER, etc. (Brinchman et al. 2004). Our goal is to
investigate the environmental dependence of AGN activity
in local Universe, and the results are as follows:
(1) AGNs, composites, low S/N LINERs and non-AGN
galaxies that have a similar stellar mass all have similar spa-
tial distributions.
(2) At a given stellar mass, the sSFR distribution of
AGN hosts does not depend on environment, while that
of the normal non-AGN galaxies strongly depends on envi-
ronment. AGNs are predominantly located in the transition
area (green valley) between passive and star-forming popu-
lations, indicating that AGN may be associated with galaxy
quenching process, as in previous studies.
(3) In previous similar studies, the AGN fraction is com-
monly defined as the number of AGNs relative to all galaxies
(including passive and star forming ones). With this defini-
tion, the AGN fraction does decrease with increasing over-
density for satellite galaxies, and satellite galaxies have a
lower AGN fraction than the centrals. As illustrated in Fig-
ure 7, this apparent dependence of AGN fraction on en-
vironment is largely due to the fact that the fraction of
passive galaxies strongly depends on environment. There-
fore, in order to investigate the intrinsic correlation between
AGN and environment, especially under the assumption that
AGN feedback is responsible for star formation quenching,
the AGN fraction should be defined as the number of AGNs
relatively to the star-forming galaxies only. With this new
definition of AGN fraction, we find little dependence of
AGN activity on environment in terms of overdensity, cen-
tral/satellite dichotomy and group halo mass.
(4) There is only marginal evidence that the optical-
selected AGNs might prefer denser regions (Figure 5 and 6),
which may be due to more frequent interaction of galaxies or
higher merger rate in groups. Many theoretical models be-
lieve that AGNs are largely triggered through the process of
galaxy mergers or strong tidal interactions (e.g. Kauffmann
& Haehnelt 2000; Hopkins et al. 2006, 2008). Mergers can
drive gas inflows to the galaxy nucleus, fueling starbursts
and may trigger AGN activity (e.g. Ramos Almeida et al.
2012; Jian et al. 2012; Kampczyk et al. 2013; Kaviraj et al.
2015; Chiaberge et al. 2015). However, the connection be-
tween nuclear activity and galaxy mergers and interactions
is not yet clear (see Heckman & Best 2014 for a review).
Our new findings support the scenario that internal sec-
ular evolution is the predominant mechanism of triggering
AGN activity. The weak positive correlation between AGN
fraction and environment for both centrals and satellites sug-
gests that external environment related processes only play
a minor role. One possible mechanism being responsible for
fueling AGNs whose host galaxies are not paired could be
a slow inflow of gas driven by non-axisymmetric perturba-
tions (Kawakatu et al. 2006; Ellison et al. 2011; Villforth et
al. 2012; Hopkins et al. 2014; Koulouridis et al. 2014). Such
perturbations in the underlying mass distribution of a disk
can be caused by bars, oval distortions and even spiral arms
(e.g., Kormendy & Kennicutt 2004; Athanassoula 2008). In
particular, bars may fuel AGNs by driving radial gas inflows,
and some previous studies have shown that the incidence of
bar formation may not depend significantly on the local en-
vironment (van den Bergh 2002; Li et al. 2009; Martinez et
al. 2011; Lee et al. 2012; Lin et al. 2014b). Other studies
found a higher bar fraction in dense environment like clus-
ters (Barazza et al. 2009; Barway et al. 2011), which seems to
reconcile with our conclusion (4). Nevertheless, the relation-
ship between bars and environment has been controversial,
and it is also unclear whether bars can trigger AGNs in the
center of the host galaxies. We should be therefore cautious
with the interpretations of the results.
In addition, the AGNs in our sample are optical-selected
in the local Universe. It would be interesting to apply our
approach to other AGN populations, such as the X-ray se-
lected AGNs and radio selected AGNs, to test whether our
conclusion still holds. With upcoming major facilities such
as MOONS on VLT and PFS on Subaru, it will become
possible to carry out SDSS-like surveys at higher redshifts.
This will allow further investigation of the dependence of
AGN activity on environment as a function of cosmic time,
shedding light on the AGN triggering mechanism at different
epochs.
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